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WIRELESS COMMUNICATION APPARATUS 
AND WIRELESS COMMUNICATION 

METHOD 

TECHNICAL FIELD 

The present invention relates to a Wireless communication 
apparatus and Wireless communication method With the 
function of performing directional transmission and recep 
tion. 

BACKGROUND ART 

In a digital Wireless communication, an adaptive array 
antenna (hereinafter referred to as “AAA”) technique is used 
Which controls adaptively directivity by adding a Weight to 
an antenna output of each of a plurality of antenna elements. 
In the AAA technique, it is possible to suppress interfering 
signals by adaptively controlling the directivity using the 
fact that the directions of arrival of signals are mutually 
different. Therefore, the adaptive array antenna technique is 
important as a method of canceling interfering signals on the 
same channel. 

A radio base station apparatus that performs the AAA 
processing Will be described. In the radio base station 
apparatus, signals received via a plurality of antennas are 
subjected to the predetermined processing such as radio 
reception processing and then to hard decision. Then, an 
error signal is generated based on the received signal With no 
hard decision performed thereon and the received signal 
(hard decision data) With the hard decision performed 
thereon, and based on the generated error signal, Weights are 
calculated using an adaptive algorithm such as LMS algo 
rithm and RLS algorithm. The radio base station apparatus 
multiplies received signals from antennas by respective 
calculated Weights to form directivity, and thereby is capable 
of suppressing interfering signals and of improving trans 
mission quality. 

Generally, in Wireless communications, it sometimes hap 
pens that the hard decision on a received signal fails due to 
fading and the like, and that erroneous hard decision data is 
obtained. A Weight calculated based on the erroneous hard 
decision data has loW accuracy, and there is a problem that 
desired directivity is not obtained based on the erroneous 
hard decision data. This problem is solved by performing 
error correcting processing such as Viterbi decoding and 
interleaving on a received signal to improve the reliability of 
hard decision data. 

HoWever, improving the reliability of hard decision data 
by the error correcting processing increases the number of 
processing steps of calculating the hard decision data by 1, 
resulting in a problem that processing delay occurs and 
thereby the transmission ef?ciency deteriorates. Since, in 
order to improve the error correcting effect in the error 
correcting processing, it is necessary to increase the con 
straint length to process increased data, the above 
mentioned problem becomes more remarkable as the hard 
decision data With higher reliability is desired. 

DISCLOSURE OF THE INVENTION 

It is an object of the present invention to provide a 
Wireless communication apparatus and Wireless communi 
cation method capable of forming desired directivity to 
perform AAA transmission and reception and of decreasing 
processing delay. 

In the AAA technique, it is possible to form desired 
directivity accurately by controlling Weights based on hard 
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2 
decision data With high reliability. In this respect, as 
described previously, the conventional method generates 
hard decision data With high reliability by the error correct 
ing processing, controls Weights based on the hard decision 
data With high reliability, and thereby forms desired direc 
tivity. 
The inventor of the present invention noted that by 

measuring the reliability of the hard decision data using a 
received signal that does not undergo the hard decision yet, 
and then determining Whether or not to update a Weight in 
accordance With the measured reliability, or multiplying a 
Weight by a coef?cient in accordance With the measured 
reliability, it is possible to control the Weight using the hard 
decision data With high reliability even With the error 
correcting processing omitted, and carried out the present 
invention. 

That is, the object of the present invention is achieved by 
measuring the reliability of hard decision data and adap 
tively controlling Weights corresponding to the measured 
reliability. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram illustrating a con?guration of a 
radio base station apparatus according to a ?rst embodiment 
of the present invention; 

FIG. 2 is a diagram to eXplain a threshold determination 
on likelihood in the radio base station apparatus according to 
the ?rst embodiment of the present invention, as an eXample, 
in a case Where a mobile station apparatus adopts QPSK 

modulation; 
FIG. 3 is a diagram to eXplain a threshold determination 

on likelihood in the radio base station apparatus according to 
the ?rst embodiment of the present invention, as an eXample, 
in a case Where a mobile station apparatus adopts BPSK 

modulation; 
FIG. 4 is a block diagram illustrating a con?guration of a 

radio base station apparatus according to a second embodi 
ment of the present invention; 

FIG. 5 is a diagram to eXplain a threshold determination 
on received poWer in the radio base station apparatus 
according to the second embodiment of the present 
invention, as an eXample, in the case Where a mobile station 
apparatus adopts QPSK modulation; 

FIG. 6 is a diagram to eXplain a threshold determination 
on received poWer in the radio base station apparatus 
according to the second embodiment of the present 
invention, as an eXample, in the case Where a mobile station 
apparatus adopts BPSK modulation; 

FIG. 7 is a block diagram illustrating a con?guration of a 
radio base station apparatus according to a third embodiment 
of the present invention; 

FIG. 8 is a diagram to eXplain a calculation of likelihood 
in the radio base station apparatus according to the third 
embodiment of the present invention, as an eXample, in the 
case Where a mobile station apparatus adopts QPSK modu 
lation; 

FIG. 9 is a diagram to eXplain a calculation of likelihood 
in the radio base station apparatus according to the third 
embodiment of the present invention, as an eXample, in the 
case Where a mobile station apparatus adopts BPSK modu 
lation; 

FIG. 10 is a block diagram illustrating a con?guration of 
a radio base station apparatus according to a fourth embodi 
ment of the present invention; 

FIG. 11 is a diagram to eXplain poWer calculation in the 
radio base station apparatus according to the fourth embodi 
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ment of the present invention, as an example, in the case 
Where a mobile station apparatus adopts QPSK modulation; 
and 

FIG. 12 is a diagram to explain poWer calculation in the 
radio base station apparatus according to the fourth embodi 
ment of the present invention, as an example, in the case 
Where a mobile station apparatus adopts BPSK modulation. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

De?nition on terminology used in this speci?cation Will 
be described beloW before embodiments of the present 
invention. In the embodiments, a received signal that is not 
subjected to the hard decision yet is referred to as “pre-hard 
decision data”, and a received signal subjected to the hard 
decision is referred to as “hard decision data”. 

The embodiments of the present invention Will be 
described beloW speci?cally With reference to accompany 
ing draWings, as an example, in a case Where a Wireless 
communication apparatus according to the present invention 
is a radio base station apparatus. 

(First Embodiment) 
FIG. 1 is a block diagram illustrating a con?guration of a 

radio base station apparatus according to the ?rst embodi 
ment of the present invention. The radio base station appa 
ratus according to this embodiment determines the reliability 
of the hard decision data based on the likelihood for each 
processing timing, and by actuating a sWitch to on or off 
corresponding to the determination, determines Whether or 
not to update a Weight. In addition, the likelihood represents 
a probability of the hard decision data, and can be obtained 
using a received signal that is not subjected to the hard 
decision (pre-hard decision data). 

The radio base station apparatus according to this embodi 
ment is comprised of antennas 101, radio reception sections 
102, multipliers 103, adder 104, Weight control section 105, 
channel estimation section 106, multiplier 107, adder 108, 
multiplier 109, demodulation section 110, likelihood deter 
mining section 111, sWitch control section 112 and sWitch 
section 113. 

Each of radio reception sections 102 performs the prede 
termined radio reception processing (such as doWn 
converting) on a signal received from a mobile station via 
respective antenna 101 to generate a baseband signal, and 
outputs the generated baseband signal to respective multi 
plier 103 and Weight control section 105. 

Weight control section 105 calculates a Weight based on 
the received signal from each of radio reception sections 102 
and an error signal, described beloW, generated in adder 108. 
A Weight is calculated, for example, by estimating the 

direction of arrival of a radio signal and using the estimation. 
Further, a method is used in Which a Weight is adaptively 
varied so that an error betWeen a signal multiplied by the 
Weight and the hard decision data of the signal is the 
smallest, Without estimating the direction of arrival. The 
Weight calculated in Weight control section 105 is output to 
multiplier 103. Multiplier 103 multiplies the received data 
from respective radio reception section 102 by the respective 
Weight output from Weight control section 105, and outputs 
the signal multiplied by the Weight to adder 104. 
Adder 104 adds baseband signals multiplied by respective 

Weights from respective multipliers 103, and the added 
baseband signal to channel estimation section 106, multi 
plier 107 and adder 108. Channel estimation section 106 
performs channel estimation on the received signal output 
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4 
from adder 104, calculates channel estimation values (phase 
rotation amount and amplitude variation amount), and out 
puts the calculated channel estimation values to multiplier 
107. Further, channel estimation section 106 outputs the 
phase rotation amount of the calculated channel estimation 
values to multiplier 109. Multiplier 107 multiplies in com 
plex the received signal from adder 104 by the channel 
estimation value from channel estimation section 106, 
thereby cancels an effect of fading in the received signal, and 
outputs the received signal With the effect of fading can 
celled to demodulation section 110 and likelihood determin 
ing section 111. 

Demodulation section 110 makes the hard decision on the 
received signal from multiplier 107 to calculate the hard 
decision data. The calculated hard decision data is used in 
the folloWing processing such as decoding, While being 
output to multiplier 109 and likelihood determining section 
111. 

Multiplier 109 multiplies in complex the hard decision 
data from demodulation section 110 by the phase shift 
amount from channel estimation section 106 to generate a 
reference signal, and outputs the generated reference signal 
to adder 108. Adder 108 obtains a difference betWeen the 
reference signal (hard decision data multiplied in complex 
by the phase rotation amount) and the received signal from 
adder 104, and outputs the calculated difference as an error 
signal to sWitch section 113. SWitch section 113 temporarily 
stores the error signal from adder 108 until a control timing 
of sWitch control section 112. 

Likelihood determining section 111 obtains the likelihood 
based on the received signal (pre-hard decision data), Which 
is not subjected to the hard decision yet, from adder 107, and 
the hard decision data from demodulation section 110, and 
compares the obtained likelihood With a predetermined 
threshold to make a threshold determination. 

SWitch control section 112 refers to the threshold deter 
mination result in likelihood determining section 111 to 
control sWitch section 113. SWitch section 113 outputs the 
error signal to Weight control section 105 according to the 
control of sWitch control section 112. 

Based on the error signal output from sWitch section 113, 
Weight control section 105 calculates a Weight that mini 
miZes the mean square error betWeen the reference signal 
and the received signal. As an algorithm to calculate a 
Weight, adaptive algorithms such as LMS algorithm and 
RLS algorithm may be used. In addition, the present inven 
tion is not limited to the above-mentioned algorithms, and is 
capable of using various adaptive algorithms. 
The operation of the radio base station apparatus With the 

above con?guration Will be described beloW. 
A received signal, from a mobile station, AAA-received 

With the directivity is subjected to the hard decision in 
demodulation section 110 to be the hard decision data, and 
the hard decision data is used in the folloWing processing 
such as decoding, While being output to likelihood deter 
mining section 111. Based on the received signal (pre-hard 
decision data) that is not subjected to the hard decision yet 
and the hard decision data, likelihood determining section 
111 obtains the likelihood, and makes a threshold determi 
nation on the likelihood With a predetermined threshold 1. 
The threshold determination on the likelihood in likeli 

hood determining section 111 Will be described beloW. 
Since the threshold determination in likelihood determin 

ing section 111 varies With modulation method adopted in a 
mobile station, cases Will be described separately that a 
mobile station adopts QPSK modulation, and that a mobile 
station adopts BPSK modulation. 
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First, the case that a mobile station adopts QPSK modu 
lation Will be described With reference to FIG. 2. FIG. 2 is 
a diagram to explain the threshold determination on likeli 
hood performed in likelihood determining section 110 in the 
radio base station apparatus according to this embodiment, 
as an example, in the case Where a mobile station adopts 
QPSK modulation. In FIG. 2, the abscissa (I-axis) indicates 
an in-phase component of a received signal, and the ordinate 
(Q-axis) indicates a quadrature component of the received 
signal. 

Oblique line area 0t illustrated in FIG. 2 is an area Where 
the likelihood is determined as loW. The likelihood becomes 
loWer, as I and Q components of a signal point are smaller 
and as the Euclid distance from a decision point represen 
tative of the hard decision data is longer. Accordingly, 
oblique line area 0t is as illustrated in FIG. 2 With boundary 
line A as a boundary. Boundary line A corresponds to the 
threshold 1 for Which likelihood determining section 111 is 
set. In addition, a similar oblique line area is set on each of 
the second to fourth quadrants, and since the threshold 
determination is performed in a similar manner to the ?rst 
quadrant, the ?rst quadrant is only illustrated to simplify the 
description. 

The signal (pre-hard decision data), Which is not sub 
jected to the hard decision yet, from multiplier 107 is 
mapped onto the I-Q plane by likelihood determining sec 
tion 111. Hereinafter a point onto Which the signal from 
multiplier 107, Which is not subjected to the hard decision 
yet, is mapped is referred to as a pre-hard decision signal 
point. Likelihood determining section 111 makes the thresh 
old determination by determining Whether or not the pre 
hard decision signal point belongs to oblique line area 0t. In 
other Words, When the pre-hard decision signal point does 
not belong to oblique line area ot, the likelihood of the hard 
decision data of the signal is determined as high, and a 
determination signal indicative of such a determination is 
output to sWitch control section 112. On the other hand, 
When the pre-hard decision signal point belongs to oblique 
line area ot, the likelihood of the hard decision data of the 
signal is determined as loW, and a determination signal 
indicative of such a determination is output to sWitch control 
section 112. 

Referring to FIG. 1 again, the operation of the radio base 
station apparatus according to this embodiment Will be 
described further. 

According to the determination signal, sWitch control 
section 112 sWitches on or off sWitch section 113. 
Speci?cally, When the determination signal indicative of the 
likelihood being loW is input from likelihood determining 
section 111, the section 112 sWitches off sWitch section 113. 
In this case, the error signal generated in adder 108 is not 
output to Weight control section 105, and the Weight is not 
updated. On the other hand, When the determination signal 
indicative of the likelihood being high is input from likeli 
hood determining section 111, the section 112 sWitches on 
sWitch section 113, and the error signal generated in adder 
108 is output to Weight control section 105. 

Based on the error signal input from adder 108 via sWitch 
section 113, Weight control section 105 estimates the direc 
tion of arrival of the radio signal, and calculates a neW 
Weight using the estimation of the direction of arrival. 

In this Way, only When the likelihood is determined as 
high in likelihood determining section 111, the error signal 
calculated in adder 108 is output to Weight control section 
105, so that the neW Weight is calculated. MeanWhile, When 
the likelihood is determined as loW in likelihood determin 
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6 
ing section 111, the Weight is not updated, and the same 
Weight as used at the last control timing is used for AAA 
reception. 

Thus, in the radio base station apparatus according to this 
embodiment, likelihood determining section 111 compares 
the likelihood obtained from the pre-hard decision data With 
a threshold to make a threshold determination, and When the 
section 111 determines that the likelihood is higher than the 
threshold, the error signal is input to Weight control section 
105. Weight control section 105 thereby calculates a Weight 
based on the hard decision data With high reliability output 
from sWitch section 113. Accordingly, using the pre-hard 
decision data that is not subjected to error correction, the 
reliability of the hard decision data is determined, and based 
on the hard decision data determined to have high reliability, 
the Weight is calculated and updated, Whereby it is possible 
to calculate Weights accurately to form desired directivity 
Without performing the processing such as error correcting 
processing after demodulation, and to decrease processing 
delay. 

Next, With reference to FIG. 3, the threshold determina 
tion on likelihood Will be described Which is performed in 
likelihood determining section 111 When a mobile station 
apparatus adopts BPSK modulation. FIG. 3 is a diagram to 
explain the threshold determination on likelihood performed 
in likelihood determining section 111 in the radio base 
station apparatus according to this embodiment, as an 
example, in the case Where a mobile station apparatus adopts 
BPSK modulation. 

In BPSK, since the likelihood is loWer as the absolute 
value of a Q component of a point onto Which a signal is 
mapped is smaller, in FIG. 3 an area Where absolute values 
of Q components are small is set as oblique line area 0t With 
boundary line B as a boundary. In BPSK modulation, 
boundary line B corresponds to the threshold 1 in likelihood 
determining section 111. Likelihood determining section 111 
makes the threshold determination by determining Whether 
or not the pre-hard decision signal point belongs to thus set 
oblique line area 0t. The determination signal indicative of 
the threshold determination result is output to sWitch control 
section 112 in the same as in the case of QPSK, and 
corresponding to the determination signal, sWitch control 
section 112 controls sWitch section 113. 

Thus, also When a mobile station adopts BPSK 
modulation, it is possible to calculate Weights accurately to 
form desired directivity Without performing the processing 
such as error correcting processing after demodulation, and 
to decrease processing delay. 

In addition, While this embodiment describes the case 
Where a threshold is set as illustrated in FIGS. 2 and 3, the 
present invention is not limited to the above case. The 
threshold may be varied and set as appropriate correspond 
ing to the distribution of likelihood of received signal. That 
is, When the threshold is set at a high level, it is possible to 
update a Weight using the hard decision data With high 
likelihood, but since the number of hard decision data items 
for use in updating the Weight is decreased, a Weight update 
rate becomes loW. MeanWhile, When the threshold is set at 
a loW level, the Weight is updated sometimes With hard 
decision data With loW likelihood, but the Weight is updated 
at a high rate. Accordingly, the threshold is varied and set as 
appropriate taking into account the accuracy of hard deci 
sion data and Weight update rate. 

(Second Embodiment) 
The radio base station apparatus illustrated in FIG. 1 

determines reliability of hard decision data based on 
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likelihood, and calculates and updates a Weight based on the 
hard decision data With high reliability. In this case, since the 
processing for calculating the likelihood is needed in addi 
tion to general AAA processing, it is considered that an 
apparatus scale is expanded. 

In Wireless communications, in general, as the received 
poWer is higher, the hard decision becomes less erroneous 
and the reliability of the hard decision data is higher. 
Therefore, it is possible to determine the reliability of hard 
decision data based on the received poWer. Since the mea 
surement of received poWer is such processing that a radio 
base station apparatus generally performs, the processing 
load is decreased by determining the reliability of the hard 
decision data based on the received poWer, thereby provid 
ing an advantageous effect of enabling a miniaturiZed radio 
base station apparatus. 

Then, the radio base station apparatus according to this 
embodiment determines the reliability of hard decision data 
based on the received poWer of a received signal, calculates 
a Weight based on the hard decision data With high 
reliability, and using the calculated Weight, performs AAA 
transmission and reception. 

FIG. 4 is a block diagram illustrating a con?guration of 
the radio base station apparatus according to the second 
embodiment of the present invention. As illustrated in FIG. 
4, the radio base station apparatus according to this embodi 
ment is provided With poWer determining section 401, 
instead of likelihood determining section 111 in the radio 
base station apparatus illustrated in FIG. 1. The radio base 
station apparatus according to this embodiment determines 
the reliability of the hard decision data based on the received 
poWer (poWer of pre-hard decision data) for each processing 
timing, and by actuating a sWitch to on or off corresponding 
to the determination, determines Whether or not to update a 
Weight. In addition, in FIG. 4 the same sections as in FIG. 
1 are assigned the same reference numerals as in FIG. 1 to 
omit speci?c descriptions thereof. 
A received signal is subjected to AAA reception, and is 

multiplied in complex by the channel estimation value in 
multiplier 107, and the resultant is output to demodulation 
section 110 and poWer determining section 401. The 
received signal, multiplied in complex by the channel esti 
mation value in multiplier 107, is mapped onto the I-Q plane 
in poWer determining section 401, and the received poWer is 
estimated from the mapped point. The estimated received 
poWer is compared With a predetermined threshold 2. When 
the received poWer is smaller than the predetermined thresh 
old 2, a determination signal indicative of the reliability of 
the hard decision data being loW is output to sWitch control 
section 112. On the other hand, When the received poWer is 
greater than the predetermined threshold 2, a determination 
signal indicative of the reliability of the hard decision data 
being high is output to sWitch control section 112. SWitch 
control section 112 controls sWitch section 113 as in the ?rst 
embodiment. 

The threshold determination performed in poWer deter 
mining section 401 Will be described speci?cally beloW. 
Since the threshold determination in poWer determining 
section 401 varies With modulation method adopted in a 
mobile station, cases Will be described separately that a 
mobile station adopts QPSK modulation, and that mobile 
station adopts BPSK modulation. 

First, the case that a mobile station adopts QPSK modu 
lation Will be described With reference to FIG. 5. FIG. 5 is 
a diagram to explain the threshold determination performed 
in poWer determining section 401 in the radio base station 
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8 
apparatus according to this embodiment, as an example, in 
the case Where a mobile station apparatus adopts QPSK 
modulation. In FIG. 5, the abscissa (I-axis) indicates an 
in-phase component of a received signal, and the ordinate 
(Q-axis) indicates a quadrature component of the received 
signal. Since the poWer of a received signal is loWer as the 
distance of the signal point from the origin is shorter, an area 
Where the distance from the origin is short is set as oblique 
line area 0t With boundary line C as a boundary. Boundary 
line C corresponds to the threshold 2 in poWer determining 
section 401. 

In poWer determining section 401, the pre-hard decision 
signal (pre-hard decision data) from multiplier 107 is 
mapped onto the I-Q plane. Then, it is determined Whether 
or not the mapped point (pre-hard decision signal point) 
belongs to oblique line area 0t. When the pre-hard decision 
signal point belongs to oblique line area ot, the reliability of 
the hard decision data of the signal is determined as high, 
and a determination signal indicative of such a determina 
tion is output to sWitch control section 112. MeanWhile, 
When the pre-hard decision signal point does not belong to 
oblique line area ot, the reliability of the hard decision data 
of the signal is determined as high, and a determination 
signal indicative of such a determination is output to sWitch 
control section 112. 

According to the determination signal from poWer deter 
mining section 401, sWitch control section 112 sWitches on 
or off sWitch section 113 as in the ?rst embodiment. 
Speci?cally, When the determination signal indicative of the 
reliability of the hard decision data being high is input, the 
section 112 sWitches on sWitch section 113, and the error 
signal generated in adder 108 is output to Weight control 
section 105. Weight control section 105 calculates a neW 
Weight as in the ?rst embodiment. 

Thus, in the radio base station apparatus according to this 
embodiment, the reliability of the hard decision data is 
determined using the poWer of a received signal that is not 
subjected to error correction, and based on the hard decision 
data determined to have high reliability, the Weight is 
calculated and updated, Whereby it is possible to calculate 
Weights accurately to form desired directivity Without per 
forming the processing such as error correcting processing 
after demodulation, and to decrease processing delay. Fur 
ther since the reliability of the hard decision data is deter 
mined based on the received poWer, it is possible to reduce 
the processing load and to miniaturiZe the apparatus con 
?guration. 
With reference to FIG. 6, the threshold determination on 

the hard decision data Will be described Which is performed 
in poWer determining section 401 When a mobile station 
adopts BPSK modulation. FIG. 6 is a diagram to explain the 
threshold determination on the hard decision data performed 
in poWer determining section 401 in the radio base station 
apparatus according to this embodiment, as an example, in 
the case Where a mobile station apparatus adopts BPSK 
modulation. 

Oblique line area 0t illustrated in FIG. 6 is an area Where 
the reliability of the hard decision data is determined as loW. 
In BPSK, since the poWer of a received signal is loWer as the 
distance of the signal point from the I-axis is shorter, an area 
Where the distance from the I-axis is short is set as oblique 
line area 0t With boundary line D as a boundary. In the case 
of BPSK modulation, boundary line D corresponds to the 
threshold 2 in poWer determining section 401. PoWer deter 
mining section 401 makes the threshold determination by 
determining Whether or not the pre-hard decision signal 
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point belongs to oblique line area 0t, and outputs the deter 
mination to switch control section 112. SWitch control 
section 112 controls sWitch section 113 as in the case of 
QPSK described previously. In this Way only When the 
reliability of the hard decision data is high, the error signal 
is output to Weight control section 105, and the Weight is 
calculated and updated. 

Thus, also When a mobile station adopts BPSK 
modulation, it is possible to calculate Weights accurately to 
form desired directivity Without performing the processing 
such as error correcting processing after demodulation, and 
to decrease processing delay. 

In addition, While in this embodiment the received poWer 
is estimated based on the output of multiplier 107, the 
present invention is not limited to the foregoing. It may be 
possible to estimate the received poWer based on an output 
of a section other than multiplier 107 to make the threshold 
determination. For example, it may be possible to use the 
received poWer estimated in channel estimation section 106 
to make the threshold determination. 

(Third Embodiment) 
The radio base station apparatuses according to the ?rst 

and second embodiments make the threshold determination 
by comparing, respectively, the likelihood and received 
poWer With a single threshold, update a Weight only When 
the reliability of the hard decision data is determined as high 
from the determination, and thereby calculate Weights accu 
rately based on the hard decision data With high reliability. 

HoWever, When the reliability of the hard decision data is 
determined as loW but the pre-hard decision data has a value 
similar to a threshold, it is considered that the hard decision 
data has the reliability to some extent. Then, the third and 
fourth embodiments describe a case Where error signals are 
Weighted corresponding to the reliability of the hard deci 
sion data, and Weights are controlled based on the Weighted 
error signals. 

FIG. 7 is a block diagram illustrating a con?guration of 
the radio base station apparatus according to the third 
embodiment of the present invention. As illustrated in FIG. 
7, the radio base station apparatus according to this embodi 
ment is provided With likelihood calculating section 701, 
Weight coefficient determining section 702, and multiplier 
703, respectively, instead of likelihood determining section 
111, sWitch control section 112, and sWitch section 113 in the 
radio base station apparatus illustrated in FIG. 1. The radio 
base station apparatus according to this embodiment calcu 
lates a Weight coef?cient corresponding to the likelihood for 
each processing timing, and multiplies a Weight by the 
calculated Weight coef?cient to adaptively calculate the 
Weight. In addition, in FIG. 7 the same sections as in FIG. 
1 are assigned the same reference numerals as in FIG. 1 to 
omit speci?c descriptions thereof. 

Likelihood calculating section 701 calculates the likeli 
hood based on the received data, Which is not subjected to 
the hard decision yet, from multiplier 107, and the hard 
decision data from demodulation section 110, and outputs 
the calculated likelihood to Weight coefficient determining 
section 702. Weight coef?cient determining section 702 
stores a table associating the likelihood With the Weight 
coef?cient. The Weight coef?cient takes a value ranging 
from 0.0 to 1.0, and has a greater value, as the likelihood is 
higher. Weight coef?cient determining section 702 refers to 
the stored table to determine a Weight coef?cient, and 
outputs the determined Weight coef?cient to multiplier 703. 
Multiplier 703 multiplies the error signal from adder 108 by 
the Weight coef?cient from Weight coef?cient determining 
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section 702, and outputs the error signal multiplied by the 
Weight coef?cient to Weight control section 105. Weight 
control section 105 calculates a Weight based on the error 
signal, multiplied by the Weight coef?cient, from multiplier 
703. 

The operation of the radio base station apparatus With the 
above con?guration Will be described next. A received 
signal is subjected to AAA reception, and is multiplied in 
complex by the channel estimation value in multiplier 107, 
and the resultant is output to demodulation section 110 and 
likelihood calculating section 701. The received signal, 
multiplied in complex by the channel estimation value in 
multiplier 107, is mapped onto the I-Q plane in likelihood 
calculating section 701, and the likelihood is calculated from 
the mapped point. The calculated likelihood is output to 
Weight coefficient determining section 702. Weight coef? 
cient determining section 702 refers to the beforehand stored 
table associating the likelihood With the Weight coefficient, 
and determines a Weight coef?cient corresponding to the 
likelihood from likelihood calculating section 701. The 
Weight coefficient determined in Weight coef?cient deter 
mining section 702 is output to multiplier 703, and multi 
plier 703 multiplies the Weight coef?cient by the error signal 
from adder 108. The error signal multiplied by the Weight 
coef?cient is output to Weight control section 105. Weight 
control section 105 estimates the direction of arrival of the 
radio signal based on the error signal multiplied by the 
Weight coef?cient from multiplier 703, and calculates the 
Weight. 

The likelihood calculation in likelihood calculating sec 
tion 701 Will be described beloW. 

Since the likelihood calculation in likelihood calculating 
section 701 varies With modulation method adopted in a 
mobile station, cases Will be described separately that a 
mobile station adopts QPSK modulation, and that a mobile 
station adopts BPSK modulation. 

First, the case that a mobile station adopts QPSK modu 
lation Will be described With reference to FIG. 8. FIG. 8 is 
a diagram to explain the likelihood calculation performed in 
likelihood calculating section 701 in the radio base station 
apparatus according to this embodiment, as an example, in 
the case Where a mobile station adopts QPSK modulation. In 
FIG. 8, the abscissa (I-axis) indicates an in-phase component 
of a received signal, and the ordinate (Q-axis) indicates a 
quadrature component of the received signal. The likelihood 
of the hard decision data is higher, as the distance of the 
point is longer from the origin and is shorter from the 
decision point. Therefore, the likelihood distribution as 
illustrated in FIG. 8 is set on the I-Q plane. As illustrated in 
FIG. 8, the likelihood is set at 1.0 in the vicinity of the 
decision point, While being set at a smaller value as the point 
is further from the decision point. The likelihood is set at 0.8 
in the range from the decision point to the inside of an arc 
of a semicircle With the decision point as the center, While 
being set at 0.5 in the range from the arc to the other outer 
arc. 

It is assumed that the pre-hard decision received signal 
(pre-hard decision data) from multiplier 107 is mapped onto 
point a on the I-Q plane. The likelihood of point a is 
calculated as 0.8 according to the predetermined likelihood 
distribution illustrated in FIG. 8. The calculated likelihood is 
output to Weight coef?cient determining section 702. Weight 
coef?cient determining section 702 refers to the table, and 
determines the Weight coef?cient corresponding to the like 
lihood of 0.8. Multiplier 703 multiplies the error signal from 
adder 108 by the Weight coef?cient determined in Weight 
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coef?cient determining section 702. The multiplication 
result is output to Weight control section 105, Which calcu 
lates a Weight. 

Thus, the radio base station apparatus according to this 
embodiment determines a Weight coef?cient corresponding 
to the likelihood obtained using the pre-hard decision data 
that is not subjected to error correction yet, and calculates a 
Weight based on the error signal multiplied by the deter 
mined Weight coef?cient. Accordingly, it is possible to 
calculate Weights accurately to form desired directivity 
Without performing the processing such as error correcting 
processing after demodulation, and to decrease processing 
delay. Further, since the Weight is updated to a greater value 
as the likelihood of the hard decision data is higher, it is 
possible to calculate Weights more accurately than the case 
described in the ?rst embodiment to form desired directivity. 

With reference to FIG. 9, the likelihood calculation Will 
be described next Which is performed in likelihood calcu 
lating section 701 When a mobile station apparatus adopts 
BPSK modulation. FIG. 9 is a diagram to explain the 
likelihood calculation performed in likelihood calculating 
section 701 in the radio base station apparatus according to 
this embodiment, as an example, in the case Where a mobile 
station apparatus adopts BPSK modulation. In FIG. 9, the 
abscissa (I-axis) indicates an in-phase component of a 
received signal, and the ordinate (Q-axis) indicates a quadra 
ture component of the received signal. The likelihood of the 
hard decision data is higher, as the distance of the point is 
longer from the origin and is shorter from the decision point. 
Therefore, the likelihood distribution as illustrated in FIG. 9 
is set on the I-Q plane. The likelihood is set at 1.0 in the 
vicinity of the decision point, While being set at a smaller 
value as the point is further from the decision point. 

It is assumed that the pre-hard decision received signal 
(pre-hard decision data) from multiplier 107 is mapped onto 
point b on the I-Q plane. The likelihood of point b is 
calculated as 0.8 according to the predetermined likelihood 
distribution illustrated in 

FIG. 9. The calculated likelihood is output to Weight 
coef?cient determining section 702. Weight coef?cient 
determining section 702 refers to the table, and determines 
the Weight coefficient corresponding to the likelihood of 0.8. 
Multiplier 703 multiplies the error signal from adder 108 by 
the Weight coef?cient determined in Weight coef?cient deter 
mining section 702. The multiplication result is output to 
Weight control section 105, Which calculates a Weight. 

Thus, also When a mobile station adopts BPSK 
modulation, since the Weight is updated to a greater value as 
the likelihood of the hard decision data is higher, it is 
possible to calculate Weights more accurately than the case 
described in the ?rst embodiment to form desired directivity. 

In addition, this embodiment describes the case Where the 
table associating the likelihood With the Weight coef?cient is 
stored, and referring to the table, the Weight coef?cient is 
determined corresponding to the likelihood. HoWever, the 
present invention is not limited to the above case, and it may 
be possible to determine the likelihood as the Weight coef 
?cient. 

Further, While this embodiment describes the distribution 
of the likelihood on the I-Q plane using the distributions 
illustrated in FIGS. 8 and 9 as examples, the present inven 
tion is not limited to the foregoing. It may be possible to vary 
the distribution as appropriate corresponding to the distri 
bution of the likelihood of received signals. Moreover, it 
may be possible to update as appropriate the table for use in 
calculating Weight coef?cients, and perform control for 
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varying adaptively Weight coef?cients so that the reception 
error rate is the least. 

(Fourth Embodiment) 
A radio base station apparatus according to this embodi 

ment multiplies the error signal by a Weight coef?cient 
corresponding to the calculated received poWer, and per 
forms AAA reception using Weights controlled based on 
error signals multiplied by respective Weight coef?cients. 

FIG. 10 is a block diagram illustrating a con?guration of 
the radio base station apparatus according to the fourth 
embodiment of the present invention. As illustrated in FIG. 
10, the radio base station apparatus according to this 
embodiment is provided With poWer calculating section 
1001, instead of likelihood calculating section 701 in the 
radio base station apparatus illustrated in FIG. 7. The radio 
base station apparatus according to this embodiment multi 
plies the error signal by a Weight coef?cient corresponding 
to the received poWer for each processing timing, and 
performs AAA transmission and reception using Weights 
controlled based on error signals multiplied by respective 
Weight coef?cients. In addition, in FIG. 10 the same sections 
as in FIG. 7 are assigned the same reference numerals as in 
FIG. 7 to omit speci?c descriptions thereof. 
PoWer calculating section 1001 calculates the received 

poWer based on the pre-hard decision data from multiplier 
107, and outputs the calculated received poWer to Weight 
coef?cient determining section 702. Weight coef?cient 
determining section 702 stores a table associating the 
received poWer With the Weight coef?cient. The Weight 
coef?cient takes a value raging from 0.0 to 1.0, and has a 
greater value, as the received poWer is higher. Weight 
coef?cient determining section 702 refers to the stored table 
to determine a Weight coef?cient, and outputs the deter 
mined Weight coef?cient to multiplier 703. 
The operation of the radio base station apparatus With the 

above con?guration Will be described next. 
A received signal is subjected to AAA reception, and is 

multiplied in complex by the channel estimation value in 
multiplier 107, and the resultant is output to demodulation 
section 110 and poWer calculating section 1001. The 
received signal (pre-hard decision data), multiplied in com 
plex by the channel estimation value in multiplier 107, is 
mapped onto the I-Q plane in poWer calculating section 
1001, and the received poWer is calculated from the mapped 
point. The calculated received poWer is output to Weight 
coef?cient determining section 702. Weight coef?cient 
determining section 702 determines a Weight coef?cient 
based on the received poWer from poWer calculating section 
1001. The Weight coefficient determined in Weight coef? 
cient determining section 702 is output to multiplier 703, 
and multiplier 703 multiplies the Weight coefficient by the 
error signal from adder 108. The error signal multiplied by 
the Weight coefficient is output to Weight control section 
105. Weight control section 105 estimates the direction of 
arrival of the radio signal based on the error signal multi 
plied by the Weight coefficient from multiplier 703, and 
calculates the Weight. 
The received poWer calculation in poWer calculating 

section 1001 Will be described beloW. Since the received 
poWer calculation in poWer calculating section 1001 varies 
With modulation method adopted in a mobile station, cases 
Will be described separately that a mobile station adopts 
QPSK modulation, and that a mobile station adopts BPSK 
modulation. 

First, the case that a mobile station adopts QPSK modu 
lation Will be described With reference to FIG. 11. FIG. 11 
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is a diagram to explain the power calculation performed in 
poWer calculating section 1001 in the radio base station 
apparatus according to this embodiment, as an example, in 
the case Where a mobile station adopts QPSK modulation. 
As illustrated in FIG. 11, the received poWer is set so that the 
poWer is calculated to a greater value as the point is further 
from the origin, While being calculated to 1.0 in the vicinity 
of the decision point. 

It is assumed that the pre-hard decision received signal 
(pre-hard decision data) from multiplier 107 is mapped onto 
point c on the I-Q plane. The received poWer of point c is 
calculated as 0.8 according to the predetermined received 
poWer distribution illustrated in FIG. 11. The calculated 
received poWer is output to Weight coef?cient determining 
section 702. Weight coef?cient determining section 702 
refers to the table, and determines the Weight coef?cient 
corresponding to the received poWer of 0.8. Multiplier 703 
multiplies the error signal from adder 108 by the Weight 
coef?cient determined in Weight coef?cient determining 
section 702. The multiplication result is output to Weight 
control section 105, Which calculates a Weight. 

Thus, the radio base station apparatus according to this 
embodiment determines a Weight coef?cient corresponding 
to the received poWer of a received signal that is not 
subjected to error correction yet, and calculates a Weight 
based on the error signal multiplied by the determined 
Weight coef?cient. Accordingly, it is possible to calculate 
Weights accurately to form desired directivity Without per 
forming the processing such as error correcting processing 
after demodulation, and to decrease processing delay. 
Further, since the Weight is updated to a greater value as the 
received poWer of the received signal is higher, it is possible 
to calculate Weights more accurately than the case described 
in the second embodiment to form desired directivity. 
Furthermore, since the Weight coef?cient is determined 
using the received poWer, it is possible to reduce the 
processing load and to miniaturiZe the apparatus con?gura 
tion. 

With reference to FIG. 12, the received poWer calculation 
Will be described next Which is performed in poWer calcu 
lating section 1001 When a mobile station apparatus adopts 
BPSK modulation. FIG. 12 is a diagram to explain the 
received poWer calculation performed in poWer calculating 
section 1001 in the radio base station apparatus according to 
this embodiment, as an example, in the case Where a mobile 
station adopts BPSK modulation. The received poWer is set 
so that the poWer is calculated to a greater value as the point 
is further from the origin, While being calculated to 1.0 in the 
vicinity of the decision point. 

It is assumed that the pre-hard decision received signal 
(pre-hard decision data) from multiplier 107 is mapped onto 
point d on the I-Q plane. The received poWer of point d is 
calculated as 0.8 according to the predetermined received 
poWer distribution set on the I-Q plane illustrated in FIG. 12. 
The calculated received poWer is output to Weight coef?cient 
determining section 702. Weight coefficient determining 
section 702 refers to the table, and determines the Weight 
coef?cient corresponding to the received poWer of 0.8. 
Multiplier 703 multiplies the error signal from adder 108 by 
the Weight coef?cient determined in Weight coef?cient deter 
mining section 702. The multiplication result is output to 
Weight control section 105, Which calculates a Weight. 

Thus, also When a mobile station adopts BPSK 
modulation, it is possible to calculate Weights more accu 
rately than the case described in the second embodiment to 
form desired directivity, to reduce the processing load, and 
to miniaturiZe the apparatus con?guration. 
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In addition, this embodiment describes the case Where the 

table associating the calculated received poWer With the 
Weight coef?cient is stored, and referring to the table, the 
Weight coef?cient is determined corresponding to the 
received poWer. HoWever, the present invention is not lim 
ited to the above case, and it may be possible to determine 
the received poWer as the Weight coefficient. 

Further, While this embodiment describes the distribution 
of the received poWer on the I-Q plane using the distribu 
tions illustrated in FIGS. 11 and 12 as examples, the present 
invention is not limited to the foregoing. It may be possible 
to vary the distribution as appropriate corresponding to the 
distribution of the poWer of received signals. Moreover, it 
may be possible to update as appropriate the table for use in 
calculating Weight coef?cients, and perform control for 
varying adaptively Weight coef?cients so that the reception 
error rate is the least. 

Furthermore, While in the present invention QPSK modu 
lation and BPSK modulation are described as examples as a 
modulation scheme adopted in a mobile station, the present 
invention is not limited to the foregoing. It may be possible 
to another modulation scheme enabling the radio base 
station apparatus to determine the reliability of the hard 
decision data. For example, QAM modulation may be 
adopted. 

In addition, although the operation on a receiving side of 
the radio base station apparatus according to the present 
invention is described, it is possible to improve transmission 
quality in transmitting signals by performing directional 
transmission according to the directivity formed in Weight 
control section 105. 

Further, although in the present invention an example of 
the operation in the radio base station apparatus is only 
described, it is possible to improve reception quality and 
transmission quality in the similar operation in a mobile 
station apparatus mounted With an adaptive array antenna 
reception apparatus. 
As can be obvious to those skilled in the art, the present 

invention may be carried out using a commercially available 
digital computer and micro processor installed With a pro 
gram for operating techniques described in the above 
embodiments. Further, as can be obvious to those skilled in 
the art, the present invention includes computer programs 
created by those skilled in the art based on the techniques 
described in the above embodiments. 

Further, the scope of the present invention includes com 
puter program products such as computer readable storage 
media storing a program for operating the techniques 
described in the above embodiments. The storage media 
include disks such as a ?oppy disk, optical disk, CD-ROM 
and magnetic disk, ROM, RAM, EPROM, EEPROM, opto 
magnetic card, memory card and DVD, but are not limited 
to the above products. 
As described above, according to the present invention, 

Weights are controlled based on signals With high reliability 
of the hard decision data Without performing error correcting 
processing, and it is thereby possible to form desired direc 
tivity to perform AAA transmission and reception, and to 
decrease the processing delay. 

This application is based on the Japanese Patent Appli 
cation No. 2000-155268 ?led on May 25, 2000, entire 
content of Which is expressly incorporated by reference 
herein. 

INDUSTRIAL APPLICABILITY 

The present innovation is suitable for being used in ?elds 
of Wireless communication apparatus and Wireless commu 
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nication method having the function of performing direc 
tional transmission and reception. 
What is claimed is: 
1. A Wireless communication apparatus comprising: 
a plurality of antennas; 
a ?rst multiplier that multiplies a plurality of signals 

received though the plurality of antennas by respective 
Weights provided for directional reception; 

an adder that adds the signals multiplied by the Weights to 
obtain a received signal; 

a demodulator that performs a hard decision of the 
received signal to obtain hard decision data; and 

a controller that controls the Weights, 

Wherein the controller sWitches betWeen updating and not 
updating the Weights depending on a reliability of the 
hard decision data. 

2. The Wireless communication apparatus of claim 1, 
further comprising: 

a determiner that ?nds a likelihood of the hard decision 
data and determines the reliability of the hard decision 
data based on a result of a comparison of the likelihood 
to a threshold, 

Wherein the controller sWitches betWeen updating and not 
updating the Weights depending on the reliability deter 
mined by the determiner. 

3. The Wireless communication apparatus of claim 2, 
Wherein the determiner employs different thresholds, 
depending on the modulation scheme of the received signal, 
to perform the comparison. 

4. The Wireless communication apparatus of claim 1, 
further comprising: 

a determiner that ?nds a received poWer of the received 
signal and determines the reliability of the hard deci 
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sion data based on a result of a comparison of the 
received poWer to a threshold, 

Wherein the controller sWitches betWeen updating and not 
updating the Weights depending on the reliability deter 
mined by the determiner. 

5. The Wireless communication apparatus of claim 4, 
Wherein the determiner employs different thresholds, 
depending on the modulation scheme of the received signal, 
to perform the comparison. 

6. The Wireless communication apparatus of claim 1, 
further comprising: 

a second multiplier that multiplies a difference, betWeen 
the received signal and a reference signal found from 
the hard decision data, by a coef?cient corresponding to 
the reliability of the hard decision data, 

Wherein the controller controls the Weights based on the 
difference multiplied by the coef?cient. 

7. A radio base station apparatus comprising the Wireless 
communication apparatus of claim 1. 

8. A radio mobile station apparatus comprising the Wire 
less communication apparatus of claim 1. 

9. A Wireless communication method comprising: 
(a) multiplying a plurality of signals received though a 

plurality of antennas by respective Weights provided for 
directional reception; 

(b) adding the signals multiplied by the Weights to obtain 
a received signal; 

(c) performing a hard decision of the received signal to 
obtain hard decision data; and 

(d) controlling the Weights by sWitching betWeen updating 
and not updating the Weights depending on a reliability 
of the hard decision data. 


